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DEVELORIENT AND PROOF SERVICES
ABELDEEN PROVING ROUND
MARYLAND

AUTHORITY: ORDTB APillersdorf/em/29175
DA PRIORITY: 1A S Ec RE 27 March 1956

PRIZLIMINARY TESTS OF PICATINNY ARSENAL DEVICE

(LINEAR CUTTING CHARGE) AGAINST DYNAMICALLY

FIRED AMMUNITION (S)

ELEVENTH REPORT ON FROJECT TB3=1224B

ARMOR TEST REPORT AD-1228

DATES OF TEST: AUGUST 195L TO JUNE 1955

OBJECT

To investigate the. performance of and evaluate first models of explosive
charres esigned for use as an active defense against shaped charge missiles.

SUMMARY

Thirty-four Picatinny Arsenal Devices were detonated against various anti-
tank projectiles in flight during dynamic firin;s of these projectiles against
target armor, Frequent defeat of projectlles, under special conditions, was
achleved., Picatirny Arsenal Devices were also detonated for high speed photography
and calibrating purposes,

CONCLUSION
The device as tested offers considerable promise as a protective measure
for armored vehicles, provided an adequate sensing and triggering mechanism is
developed, and tactical limitations are overcone,

RECOMENDATION

Development and application ctug:es, includlng sensing and triggering, should
be continued, with special emphasdis on increasing the versatility and effectiveness
of the llner fregnents,
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I. INTRODUCTLON:

A. DISCUSSION

1, On 28 July 1953, a conference on Defense Against Shaped Charges was
held at the Ballistic Research Laboratories, APG, This conference resulted in the
formation of the Ordnance Corps Committee on Defense Against Shaped Charges.* At
this same conference, a unique method of defense against shaped charge missiles,
evolved by Picatinny Arsenal personnel, was described. In this method, a lined
explosive charge,##riggered by an incoming projectile, produces a sheet of
fragments in a plane roughly normal to the trajectory of the missile. These frag=-
ments strike the HEAT shell body and so damage it that the shell loses its
penetration capabilities, The application of this device then envisioned was the
setting of a series of such charges on the stowage boxes, fenders and turret

periphery of a tank, as necessary, 3 LQ&LI
2, The lined explosive churge d tially was referred to as a

"linear cutting charge," after the British terminology. It was described more fully
at the first meeting of the above-mentioned Committee on 25 September 1953,

3. At the meeting in September 1953, the charge model wuas described by
Picatinny Arsenul as approximately eight inches long, carrying a little over a
pound of explosive, with a T18 detonator and annular booster near ®sach end, making
for two-point initlation. In the first tests by Picatinny Arsenal, seven 3.5 inch
HEAT M28A2 rockets were fired at armor plate, first striking a pair of aluminum foil
electric-detonator triggering screens in front of the plate. These screens, on
short-circuiting, permitted the detonator system to initiate the charges, No 3.5
inch rocket round penetrated more than three-fourths of an inch of the armor against
which it was fired.

L. The suggestion was made by the D&PS representative at this meeting
that such a device was potentially even more valuable against other missiles than
HEAT., This was predicated on two possibilities:

a, Effective breaking up or cracking of a large caliber armor-piercing
shot might be achieved by the impact of liner fragments on the projectile body.
This aspect was investigated in the tests to be described,

b The impact of a liner fragment of sufficient momentum might deflect
or upset the target missile by an amount sufficient to prevent complete penetration
of the target armor, An elementary study of this aspect indicated that upsetting a
large caliver projectile of the AF or AP HE type by fifteen degrees (a conservative
guess of the amount necessary to degrade the penetration capability of typical AP
projectiles fired against oblique armor) requires an inordinately large fragment
momentum, A limiting condition is the distance the missile must trevel, before it
strikes the target armor, after being hit by a liner fragment,

S« &a. A basic limi ation of the method of defense by this explosive device
is the necessity for a reliable and accurate sensing and triggering system, One

# Ref,: Letter from OIDTB, File No. 33L/92L, APZ 337/900
% See sketch in Appendix B
5
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reason given for the relatively slow development of the charge is that without an
automatic, quick-ecting, sensing and initiating system, it is relatively useless

for its intended purpose. §E S B EL
b, Considerable progréSs 3 e, however, in the direction of

developing a sensing and triggering system, under project DASH DO, Ordnance Project
No. TA3-5204, Under technical supervision of the Picatinny Arsenal, the United Shoe
Machinery Corporation has developed an electronic mechanism system for the purpose
descrited above,

ce The following is a description of the system provided by the
contractor in a progress reports

A method using C.W.X, band radar has been tentatively adopted for
the detection of attacking missiles, Missile velocity is determined by the doppler
frequency produced by the iupact of the transmitted energy on the approaching
missile, The range of missile velocities involved requires the production of a
time delay which increases as the missile velocity decreasesy in order that all
missiles may be in the same vertical plane at the instant of detonation of the linear
charge which is used to defeat the missile, The delay required for all missiles
between 200 and 3000 feet-per-second velocities has been worked out, theoretically
resulting in all missiles being in the same vertical plane £ 1.43 inches over a
vertical distance of 5 feet. Various methods of developing the required delay
have been explored and a breadboard model of a simple and reliable method has been
constructed. The delay available has been extended to 3800 microseconds maximum, to
include low velocity missiles arriving at extreme angles of obliquity. The radial
velocity of a 200 feet per second missile may be only 67 feet per second, producing
a doppler frequency of some 1360 cycles per second. A "missile simulator" in which
Styrofoam cylinders are propelled along a plexiglass tube has been constructed to
enable preliminary tests to be run in the laboratory. Missile velocities in excess
of 350 feet per second have been obtained in the "simulator" and velocities up to
500 feet per second should be possible with increased air pressure,

de. A description of the instrumentation used is provided in the January
1955 progress report by the same agency.

€. A test with the breadboard model sensing dynamically-fired artillery
missiles was described at the meeting of the Ordnance Corps Committee on Defense
Against Shaped Charges on 1 Nov 1955, The test results were generally satisfactory,

f. A second limitation of the device in its present form is that
connected with exposed mounting on a vehicle., With the apex of the liner in normal
position, so that fragments can be projected upward, the device may accumlate mud,
dust and snow in the exposed cavity. A brief, inconclusive test of the PAD was
conducted in conjunction with the calibration and high speed movie firings to
investigate this limitation. Some reduction in fragment energy was noted with one
charge,

6
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6. Countermeasures that might be employed against a successful application
of a radar-controlled PAD* system to a vehicle would depend to & large extent on the
performance of the sensing system and the location of the PAD,

a. If the charges wers mounted close to the tank surfaces, and aimed
vertically, it might be feasible for the enemy to use and attacking HEAT middile
wvhich attempted to detonats before the PAD did. A large diameter (6 in. and up),
long-ogived, HEAT round, performing better at a long standoff than conventional ones,
might be adsquate for penetrating the tank defended by PADs, in the asrrangement

descrided. 'L
g b. A more cwp‘hSEpcﬁE corporate the above features and a

proximity fuse as well,

c. The above speculative anti-FPAD missile designe add additional
support to the Proving Ground's interest in the design and development of PAD
type devices for other applicationt (1.e, anti-AP, anti-HE shell, anti-persomnel,
mtt-i.ne)

4. Yinally, while beyond the province of this report, it is not
overlooked that PAD type devices may prove feasible as protective measures in some
US Air Torce and US Navy materiel. Air-to-air defense against chemical energy
niesiles is an application worthy of serious consideration and extensive develop-
ment,

3. EEFERENCES

1. Ltr, OBRDTB 3344924, APG 337/900. Subject: Ordnance Corps Committee
on Defense Against Shaped Charge Program.

2, Memorandum from Director BRL to Director, D&PS, 2 August 1954,
3. Memorandum from Director BRL to Director, D&PS, 3 November 1954,

b, Monthly Progrese Reports on Ordnance. Project TA3-5204 (DASH DOT) by
Research Division, United Shoe Machinery Corp.

5. Minutes of the Ordnance Corps Committee on Defense Against Shaped
Charge Weapons, November 1955.

* The term PAD (Picatinny Arsenal Device) was proposed by the D&PS and accepted
by the Picatinny Arsenal representative at a Committee meeting,

R
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II. DESCRIPTION OF MATERIEL

A, Some modification of the first demonstration medel of the Picatinny
Arsenal device wax effected by the Terminal Ballistics Laboratory, BRL, A
single point initiator (M36) was substituted for the twin initiators hitherto

o SELREL.
1, A flash radio nt pattern of such a charge is

provided in Vol. I, No, 2 of the Ordnance Corps Shaped Charge Journal, Oct.
Sk, (Pages 276277,

2. This radiograph shows the divergence and critical curvature of a
single~point initiated sheet jet. A 3-point.-initiated charge with an essentially
straight front, had interacting jets where the main fronts met at the liner, This
charge had a ninety degree wedge angle with a '1/16. inch copper liner, For the
dynamic firing tests described herein, the TBLe BRL versions of the PAD were used,
A sketch of a typical PAD is mrovided in Appendix B, The devices used were ten
inches long and loaded with 1.67 lbs, of C3., In section the steel or copper liner
resembles the letter M, The interior angle was usually large, ranging from 115
to 165 degrees for different liner designs and materials,

Bs Target armor for the dynamically-fired projectiles was rolled homogeneous
armor of varying thicknesses and obliquities, Thickness and obliquity were combined
so that the projectile could defeat the armor unless degraded by the PAD fragments,
Major items used are listed below:

PROJECTILE WEAFON ARMOR OBLIQUITY
90mm AP, T33ET7 Gun, M3 L inches R.H. 15°
90mn HEP-T, T1L2E3 Gun, T119 2 inches R.H. S5
106ma HEAT, T119E11 Rifle, M70 L inches R.H. 30

III. DETAILS OF TEST

A. PROCEDURE

1, For the major test phases, 1.,e,, defeat of dynamically fired missiles,
the target armor was placed in plate butts to provide obliquity in the vertical ‘
plane, The charges (PADS) and triggering screens were then positioned on the ground,
usually a few feet.. from the armor, These distances were changed as test requirements
dictated., The vertical and the horizontal distances between the charge and the
trajectory of the attacking projectile were varied for differemnt projectiles,

2, When the projectile was fired at the target armor, it passed through
" and short-circuited a pair of closely spaced aluminum foil or wire mesh screenms,
This permitted initiation of an M36 electric detonator which in turn initiated the
PAD, A successful PAD was one which prevented complete penetration of the armor.
by the attacking (target) projectile,

3o When test results dictated, fastax films were taken to obtain data
on the behavior of the PAD fragments and on the target projectile,

8
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L. To obtain data on PAD fragment velocity and penetration characteristics,
special detonation tests were conducted in a final test phase, PADs were detonated
8o that fastax films of fragments strikinz mild steel plate could be made., The
time interval between the detonation and the flash caused by a fragment striking '
the target was computed from the film, Since the charge to was known,
the velocity of the fastest liner fragments was determined,

S« The PAD liner fragments were checked for depth of penetration into
mild steel, both with and without a filling of mud in the liner wedge. It
appeured that such penetration was limited for the weight of explosive used.
Accordingly, a crude comparative fragmentation test was devised,

a. locally available steel pipe nipples, 2 inches ID by 6 inches long,
and 2 1/2 inches ID by 10 inches long, were half-filled, axially, with plaster of
paris. A hole was drilled in the nipple wall at mid-length, thru the inert filler,
to house a tetryl pellet. Explosive C3 was then pressed into the remaining semi-
circular segment of the pipe, for its full length. In section, the pipes looked
like this:

_

Tet vy Booste r‘x‘

B. RESULTS

l. Detailed firing data and results for the PAD vs $0mm AP T33ET7 shot
and vs the 106mm HEAT T119Ell are contained in F.R. No. Ar-20352, a copy of which
forms Appendix C.

a, With steel-lined PADs eighteen inches below the trajectory, 90mm
AP T33E7 projectiles were defeated four times in four, at projectile velocities of
the order of 2050 fps. The defeated projectiles were cracked or brokem by liner
fragments as shown by one smear type photograph, AR¥'B2167, in Appendix C;when the.
velocity of the attacking T33E7 projectile was increased to 2500 fps, the projectile
defeated the target armor in the limited firings conducted. The exact interaction
between liner fragments and successful orojectile is mot known. A change in liner
design or orientation may be acequate for defeating the higher velocity projectile,
(For attack at 15° obliquity by 90mm AP T33E7, the ballistic 1limit velocity of a
L4-inch rolled homogeneous armor plate like the target plate is usually of the ordsr
of 1700 fps).

9
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b. With copper-lined charges at the sz:me distance (18 inches below
and L inches- off center of the trajectory), several recoilless rifle rounds, :
106mm HEAT, T119Ell, were defeated. At 29 inches below and six inches off center,

and at fortyetwo inches below and nine inches off was successful,
One round wae fired for each condition described, ‘:

ce. Several of the other rounds fired in this 106mm T119Ell series
were of dubious quality, however, This was evidenced by a fuze failure on a final

T119E1l fired as a check. Without a PAD in position to attack it, this last round
broke up on the face of the target armor plate without proper functioning.

2. Detailed firing data and results for the target 90mm HEP-T T1L2E3
projectiles, fired at velocities of the order of 2320 fps, are contained in
Appendix D, Copper lined charges with included angles of 115°, 140° and 165°
were used. A sumary of results follows:

PAD LINER AlCLE VERTICAL STAIDOFF RESULTS
(PAD below Trajectory)
115° 1 at 18 inches Projectile defeated
1 at 30 inches Projectile defeated
1 at 45 inches Projectile not defeated
140° 1 at 18 inches Projectile defeated
3 at 30 inches Projectile defeated
6 at 45 inches Projectile not defeated
2 at 60 inches Projectile not defeated
165° 1 at 30 inches Projectile not defeated

3. It appears then that vertical distances preater than thirty inches are
too much for the PAD, as tested, against 90mm HEP-T, T1L2E3,

L. When it seemed that fragment energy fall-off or s-me similar factor
was critical over a short distance (i.e., from 30 to L5%), fastax films to obtain
liner frarment velocity data were taken. Inspection of films indicated that a few
of the fastest liner fragments were of approximately uniform velecity (11,000 fps)
over a six foot distance., Velocity data for most liner fragments was not obtainable
by standard high speed photography methods,

5. Static detonation of the charge for fragment penetration data
indicated fairly limited spread ard penetration. (See Appendix E and Photos),
Comrarable penetrations and wider spread were obtained using locally available
2 1/2 inch galvanized stesl pipe nipple and lesser explosive charge weights.

6. When the wedge or cavity of one charge was filled with moist soil,
a fall-off in fragment penetration was observed,

10 .
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C. OBSERVATIONS

1. a. The defeat of attacking chemical energy ammmition (HEAT, HEP-T)
resulted from high order detonation of the explosive ch:so. This, in turn, resulted
¥ E
s

from copper-liner f ragment penctration of the shell bod QB E'[l
b. A high order detonation of an incoming e #ndesirables

for the vehicle bein; defended. Attempts to defeat chemical energy ammunition by
lower energy particles may be desirable from this standpoint as well as Irom the
standpoint of reducing the amount of explosive filler in the defending charge,

2. The maximum vertical distance required between incoming missile and
liner varied with each type of missile. For defeating kinetic energy rounds, a
shorter distance may be required, If this is so, a determination of the major
missile targets should be made. This re-evaluation of the mission of PAD type
devicegis necessary because of the possibility of specially designed ammunition
of the HEAT type which might frustrate such a device (See IA-Discussion).

D. OBSERVERS

In addition to D&PS and BRL personnrel directly connected with these firings,
the following were present for some phases of the HEP-T firings:

Mr. Paul ¥illner - Picatinny Arsenal
M, Jo L, Minto -~ United Shoe lMachinery Corp.
IV. CONCLUSLIONS
A, The PAD (Linear Cutting Charce) as tested offers considerable promise for
protection of armored targets against chemical energy ammunition of the HEAT and

HEP type.

B. The device also offers considerable, if not superior promise for use against
high explosive shell, 2 rmor piercing projectiles and similar artillery ammunition.

C. As tested, the performance against 90!Li AP ammunition fell below that
against HEP-T and HEAT,

D. The tactical performance of such a device nay be limited by environmental
conditions such as terrain, snow, dust, etc,

E. The test data does not permit gelection of an optimum liner material or

configuration until tactical objectives and limits of performance have been
established,

¥* Large caliber HE filled shell may cause serious blast dataze on the tank exterior,
Fragments resulting from a high order detonation would alsoc be & serious damage threat., 1
A low-order detonation, or mere shell break-up, is therqforc preferabdble,

11
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V. RECOMENDATIONS E QQB E-n'[
A, The developgent of exr§ r combinations should be extended

to provide a determination of the most effective systen.

B. The application to defeat foreign HEAT and kinetié-energy artillery
ammunition should be stressed in future develomment,

C. Increased versatility of the device should be a major objective in mture
design, with some attention to antiepersonnel utilization.

D, Tests to determine operational suitability on a moving vehicle should be
initiated., Performance under varying weather and terrain conditions should be
investigated,

E. Specific military characteristics should be made the basis of future design .
These characteristics should t ake into consideration the limitations and potential
versatility of the charges tested as described in this report as well as such
obvious considerations as safety of tank crews and tank-accompanying infantry.

ARTHUR {”;LLEHSDCA';!

Eng. Ordnance

SRR T (Ll e

AT S. COODWIN HERBERT L. ROSENBING

”Ass stant Directiexr for Chief, Terminal Ballistics
\ ineering Testing Division

Develoment & Proof Services
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APPENDIX A
CORRES PONDENC &

1. Interoffice Memo from Director, BRL to Direotor, D&PS
dated 2 August 195, with 1st Indorsement dated 19 Ootober 1954

2, Interoffice Memo from Direotor, .BRL to Director, D&PS
dated 3 November 1954

3. Letter, File AFG (S) L471/31, 00 Ls-/8892

L. Teletype ORDBB=-TR1 TTB&96 22706 7 1954
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Request for Firing of 90mm Kinetic 1lst Ind Mr APillersdorf/hlc/23229

Energy Rounds and 105 o
HEAT Rounds T
Director, Development & Services, 19 October 1954

TO: Director, Ballistic Research Laboratories

l. The dynamic firinz test requested has been completed., Firing data
and results are contained in Firing Record AR=20352, copies of which are to
be forwarded to both Weapons Systems and Terminal Ballistics Laboratories,

2. As pointed out by the D&PS representative at meetings of the
Comnittee on Defense Against Shaped Charges the Picatinny Arsenal Device
offers particular promise against non-HEAT rounds. The 90mm & T33E7
round is the most severe test of the device., At very low remaining
velocities (2050 fpr or so), the round was totally defeated four times
in four, At 2500 fps or so, the churges provided by TBL were unsuccess-
ful in stopping the round. Since appropriate development testing of this
device has been so limited to date D&PS has proposed to test various modifi-
cations and applications of this device, particularly against foreign
ammunition, Replies from ORDTA, ORDTB, and ORDTT are presently awaited.

3. In view of the SECRET classification of results on this project
by Picatinny Arsenal, this correspondence is being upgraded accordingly,

T. F. COLLERAN
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SECRET
COPY OF CONFIDENTial. OFFIC- MELORANDUM FOR FILE

Mr Kirkpatrick/ccw/22261
2 August 1954

TO Director, Develomment ¢ Proof Services

Ll

FROM

Director, Ballistic Research Laboratories

SUBJECT: Request for Firing of 90mm Kinetic Energy Rounds and 105mm
Recoilless HEAT Rounds

1, In connection 'SLQRIE\;[ defense azainst shaped charge weapons

a method has been proposed by people at Picatiny Arsenal and has been tested
to some extent by members of the Terminal Ballistics Laboratory. However, to
determine the full value of this type of defense it will be necessary to fire
full scale dynamic rounds. ,

2, This form of defense consists of a line charge, fired by electronic
means, to damage the shell beforc it arrives at the armor., Conversation with
Mr. Cronman of TBL indicates that charges are available and that they can be
prepared for these tests. It is desirable that the results of these tests be
available for the next meeting of the Committee on Defense Against Shaped
Charres 26 August 1954,

3. The test desired would consist of 10 rounds of 90mm AP fired into an
armor target protected by this device., The other test would consist of 10
rounds of 105mm HEAT ammmition fired from the 105mm recoilless rifle. The
armor for this second condition would be identical with that for the first
test, It is desired that highespeed motion pictures be made of the terminal
effects of these firingse.

L. It is requested that 10 rounds each of the kinetic energy and the
HEAT rounds be fired., Necessary material and labor will be charged to Project
TB3-1224B, W.0. 962-002-00.

S. It is further requested that these Laboratories be notified of
the time of the firings in order that an observer may be present,

s/ Herbert R, Dichtenmueller
HERBERT R, DICHTENMUELLER
Lt Col Ord Corps
Asst to Director
BRL

SECRET / L)
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OFFICE MBMORANDUM - UNITED STATES GOVIRNMENT

THRU ¢ Chief, Weapon Systems Laboratory EL¥i rkpatrick/ah/22261
Chief, Terminal Ballistics Laboratory

TO s i)irector, Development EchﬁoETrvicu

FROM s Director, Ballistic Research Laboratories

DATEs 3 November 195

SUBJECTs Test of HEP vs Line Charge

l. It is requested that 9Omm HEP ammunition be fired to determine an effec-
tive method of employing the line charge for the defeat of this type of ammunition
as per conversations between Mr. E. L. Kirkpatrick of WSL, lir. Kronman of TBL and
Mr, Pillersdorf of D&PS.

2. Twenty-five lot PA 188-8 HEP projectiles will be alloca*ed for *hese tests
under Project TB3-122iB.

3. The line charges with their sensing cir.aits will be supplied by the TBL
of BRL at the time of the tests.

Lo It $s requested that the armor arrangement for these tests be such that
it would be defeated 100X of the time by the 90mm HEP round when a defense mechen-

ism is not used. The arrangemcnt to be used will be with conocurrence of TBL, WSL
and D&PS representatives,

5. It is requested that spalls resulting from any unsuccessful line charge
defenses Le recorded with their weight, description and photograrhs.

6. The tests will be interrupted at any time the BRL deems necesasary for
revision of the sensing device,

7. It is requested that 10 rounds be fired at a ocondition before it is cred-
ited with successful defeat of the round.

8. It is requested *ha*t high speed motion pictures be taken of the engagement
of the round with the target.

9. It is requested that photographs be taken of the targe* arrangement before
and after the tests.

10. The results of +these tests will be classified "SKCRET".
11, It is requested that the BRL be potified =t least 72 hours prior *c *he
firing of these tests so that Picatinny Arsenal and the United Shoe lachine Company,

under contract to Picatinny Arsenal, may be notified.

12. The priority of this project is 1A,

/t/ E. N. Kirsten

T Lt. Colonel, Ord Corps
Asct. *o Dirrctor

Jallistic Fesearch Laborat-ries

/s/ E. N. Kirsten ,I




B SECRET

Mr APillersdorf/hlc,/23229
AFRG(S)471/31
00 /18-18892

ORDBG~DPS--AA
SUBJECT: Dynamic Tests of Picatinny Arsenal Device (Cutting Charge)

TOs Chief of Ordnance
Department of the Army

S SECRET

ATTENTION: ORDTT

1, The efficacy of the Picatinny Arsenal Device in defeating
kinetic energy and HEAT projectiles has been demonstrated by a brief
firing test of a modified charge provided by Terminal Ballistics
Laboratory, Ballistic Research Laboratories, Detailed results are
reported in Aberdeen Proving Ground Firing Record Ar-20352,

2. Given below is a summary of results obtained for the following
projectile types when attacked by the modified Picatinny Arsenal Device:

a. Four rounds of 90mm AP T33E7 Shot were unable to penetrate
a 4" ammor plate at 15° obliquity protected by a cutting charges the
striking velocity was approximately 2050 fps whereas the ballistic
limit velocity of the plate alone was approximetely 1700 fps,

be Four rounds of S0mm AP T33E7 8hot fired at approximately
2500 fps were able to completely penetrate the seame L" armor plate
protected by a cutting charge,

¢. Six rounds of 106mm HEAT ammmition (the T19Ell Shell)
fired at approximately 1600 fps were unable to produce penetrations
greater than 2" in the armor plate target protected by a cutting charge.

3. Since the 90mm AP projectile was selected as the most severe
test projectile for the cutting charge, the potential of this type of
device in an improved form should not be overlooked in other respects:

a, For use against HE shell and composite shot (HVAP, AP-DS,
etc. ) as well as against Soviet AP-ME ammunition,

b. As an equivalent of aprreciable armor thickness; while-
the 90mm AP projectiles fired at 2500 fps were not totally defeated,
they may have been upset or degraded so that the actual ballistic
limit velocity against %he target plate would have been appreciably
higher than the limit velocity obtained by firing against an "unguarded"
plate,

SECRET




SECRET

ORDBG~DPS=AA
SUBJECT: Dynamic Test:smsenal Device (Cutting Charge)

L. The cutting ¢ 1 for this test had liners of steel
for use against the AP projectiles, and of copper for use against the
HEAT ammunition. Results of static detonation tests conducted by
Terminal Ballisties Laboratory and reported verbally by their repre-~
sentatives show that steel liners in this type of charge cause more
severe damage to AP projectiles than do copper liners. Apparently this
is because the larger fragments from the steel liner are able to more
effectively damage or break up the heavy body of the AP projectiles.
Steel liners should 2lso be effective against HEAT ammmition although
because of the thin wall of such ammunition copper liners have been
found sufficiently effective, Testing of materials to determine what
materiel will furmish the optimum liner for effectiveness against all
types of attack has df necessity been limited to date but needs to be
explored fully to establish definitely the performance which cen be
expected from cutting charges. Tests of liner materials should include
various types of steels, steel-copper bimetallic or amalgam linmers,
cast iron and possibly titanium as liner materials.,

5. Since the referenced test program has been completed, no further
testing can be planned until new directives are received,

a, Development and Proof Services has received a copy of a
directive from the Detroit Arsenal, the original being in Office, Chief
of Ordnance, ORDIT3 it is recommended that this directive be forwarded
for action by Development and Proof Services,

6. It is recommended that Development and Proof Services be
authorized to investigate the following:

a, Defeat of HE, HVAP, AP-DS, and Soviet PA-HE ammunition by
cutting charges,

be. Behavior of cutting charges against higher velocity lkdnetic
energy (AP, AFC) and HEAT rounds, this to be given high priority,

ce Testing of a cutting charge incorporating desirable features
of the "Claymore Device" for anti-personnel use, This would make for a
more versatile and logistically desirable item of ammunition: A dual-
purpose tank-mounted or hand—carried grenade,

de Applications of modified forms of the charge as an anti~tank
mine and as a device to defeat anti-tenk mines.

CC OCO-ORDTA
ORDTB

2
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ETO8L
EGAT2 RECEIVED

o SEORE] .

DEV & PROOF SERVICES
DE UEGRP 35 APG,ID.

R 0318372
Fif CO PICATILINY ARSHIAL DOVIR NJ
TO CG ABERDEEN FG iMD

DA GRNC

FOR ORDBG-AA=DPS PLESS FRO ORDBB-TRL TT8696 WILLNER SGD CARSON YOUR
22706 AND SUBSEUUENT FONECON BETEEN PILLERSDORF AND WILLNER C%¢ DR
B A LIOYD AND MR PAUL WILLNER WILL ATTEND TEST FIRINGS 7 DEC 1954 IN
CONHECTION "I TH TANK DEFENSE PD IN ADDITION A MAXIMUM OF L PERSONNEL
FRO!! UNITED SHOE MACHINERY CORP WILL ATTEND IN CONVECTION WI TH CONTR
P-449

CFN ORDBG-AA-DPS ORDBB-TR1 TT8696 22706 7 1954 L P-49
03/1856Z
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APPENDIX B

Sketch of Picatinny Arsenal Device
(Iinear Cutting Charge)
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PICATINNY ARSENAL DEVICE (LINEAR CUTTING CHARGE)
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APPENDIX C

Firing Record AR=20352
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ubVéLfi :
ABERDEEN PROVIJG GRUUND, MARYLnNu
FIRING RECURD

OBJBCT OF TEST: To Test Tne cifectivsness of a Special 7 IRING RECORD NG: Ar-20552(¢
Picatinny Arsenal uevice (line Charge) SHBET 1 O 3

in vereatin, F0mm AP end 1C6am HEAT DATE OF TEST: 18 August 'S4 thru
Ammunition, ‘ ‘ %5‘August 15l
- , SIRPRASEE D _:‘_', REFERENCE: Memerandum dated 2 August
DEVELOMMENT - . 4‘%’% 1954 from Lirector, BRL, -
FROJECT NO, TB3-122LE ‘ g to Oirector, D&FS :
. ¥ W. 0o :  962-002-00
PN - 02) B 1/‘1’ ' 4
 ZAaaSh el .-;
" MATER AL :
> !
Rolled Homogenecus Armor Flate No’éﬂlaﬁﬂéiL/uV ﬁ’ﬁf/s('yo“ 329BHN
Rolled Homogzenecus armor rlate No. 114254, L" x 65" x 90", 32LBHN | A
e V5] ;
wn‘t&c- A *,; 73 :

1. Shell, 10bmm, neaT, T119E1Y (M34LL), W ﬁ.@g’._m.s-lz};é ‘
2. oSnot, Fmm, AF T3387, Ammmition Lot i -

5. Plcatinny arsenal cutting charge (Line Charge)~Wodified charges provided by TBL,
BRL., Jescription: BRL koudel 8, lcaded witi 1.5 pounds cf Comp., B; dimensiona:~10" long, K
2" wide, 1 5/8" hi_h with 140° "vee" sraped slot cut lengitudinally into oce of the 10" x 2" ¥
surtfacas, GEither & steel (U.0A2" thick) or copper (0.065" thick) liner was assembled into 4

the slot. See Inclomere No, 3 for a sketch of the Line Charge, --jdﬁ'

FACILITIES i ’

Gun, YOmm, M3, Nc. ©171, with Tube nNc. 2597. Y ) j g

Reccilless Lifle, 1CAmm, T170Bl, Ne. 166, with Tube No. 5115, L
OESCRIPTICN OF TEST SETUP ™

" =N - n SRl % 3 =

The target armcr, a L" x &5" x 70" KH Armor plate, was leaned against the front of the
-plate hutts, tipped back frcem the vertical. The Line Charze and triggering screens were
then pesiticned cn the g roundi o few fset in front of the target plete which was scme 150
feat from the _un. Aan .30 detcnaror placed in the Line Charge was ocnnected tc one cf the
screens, and the screens arergized by puttin, a 1200 velt D. C. powsr supply across then.

A projectile passing tnrouch the screens ccupleoted the triggering circuit, setting off tae
¥-35 detcnster and the Line Charge. Ccpper mesh screens were used for the 90mm Shet, while
tiin aluminur foil strips wsre uses in the screens wien {irin, +the sensitivs 106mm HEAT
dneli toc avc 1d fure 1njtiation,

A
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" FIRING RECORD NO. Ar-20352
SEGRET SEEET 2 OF 3 -

v 90“ A}l 75,537 D‘ho’t % ‘1 PN

&. Five rounds ol J0mm AF T5387 shot were fired against the four inch plate at .
15° obliquity. - The striking velocity of epprcximetely 2050 fps was some 300 fps above 5
the sstimated bailistic ;1*1‘ of the plate. osteel liners were used in all charges tested
against the 4Omm ohot, ST i Ly

~y

. "t e !
(1) The Line Charge cutting fraabzgﬁg' ;'iod the first 90mm rcund (tolt
round no. 5); the result wes a complete penétration of the plate,
macn ol the next three rcunds (test rounds nos. L, 5, and 6) wes ltthﬁk
by the cutting fragments of the Line Charge and was unable to penetrate the target; a 6”
dien ? tc 1 1/L" depth was prcduced by each round. ¢

(3} & smear type photcgraph (see APG Photc b2167) was made of ome round,

As shown by the pho*tc, Line Cnaer,e f{ragments have sicceeded in breakirg the projsctile.
The entirs oy ive has been brcken off,

i

t. Four rounis cof 30mm AP Shot (teat rounds nos. 7, 9, 9, lnd 10) wsre fired It;

@ velccity increassd to appreximutely 2500 fps, with the ermor at 15° obliquity.  Bweh
rcund mede @ ccupl-te penstration cf the tarpet. The effect of the Line Charge frt‘p‘§$l~
on thess rounds is unknown since no high speed moticn pictures were cb*ained, .
‘ —

2. lu6mm chell, iSAT, TLIGE1Ll (M3LL)

a. Ten rcunds of 1C&mm recoilless hEAT ammuniticn were fired at tpproxinlt.ly
160C fps with the target plate at 30° otliquity. Copper linsrs were used in the Line
~Char_es supplied for this phase.

(1) Jix 1Ckmm rounis (test rcunde nos. 1, 2, 3, L, 6, and 7) were ovidontly
struck by the Lline (harge fragmeunts; the effect of these on the target ccnsisted, in R
sacr case, Oof fra men' gouges and small jet penetrations (0" to 24") of the armor, ¥

(€, Twe rounds (tsst rounds nos, 5 and 9) epparently were missed by the ml1n~'

fragrents ¢!’ the Line Charge dacrn of the twe rounds ccmpletely penetrated the tarzet and

precducsed residual gdretrat‘ons of appreximately 2" in a vertical back-up armer plate placed:
eleven feset bshind the target.

{3) One round (test round no., 8) evidertly was missed by the main fragments: 2
of the uLine (narge and alsc failed to functicn by fuze action. This rcund detonated during :
crusi~up a@inst the plate without formeticn of a jet. The scle effect on the terget pl:to=

-t

was a 7" dianeter dent, approximately 1/4" deep.

(L) One :nlibraticn round (test round..noc 10) wes fired withcut use of the Lﬁa&
Charge. [t failed to functicr by fure action and detonsted during crushe-up without formstldn
of & jet. Kesulte wers identical to those of Rotind 3, :
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& MaLIE 1, e
FIRING RECORD NO, Ar-20352
' SHEET 3 OF 3
JETAILED RESULTS OF TEST b

Inclosure @ provides rcound-by-rcund firing data and results,

UBSERVERS

Other than BRL and D&FS personnel conducting the test, no observers were present.

AFPROVED «
Ay f

(LT 2L e 3 C L

BENJAMIN 5. GOoDmih ~ Ho Co PLESS J. C. GILLETT o
Gh,d.”ef;/, Armg & Ammunition Chiel, Armor Branch Lt., Ord Corps
T - | Freof Officer E
INCLOS URES :. SRS
1. Distributicn e
2, Firing vsts 3
3. Description ol Triggsring System& Line Cherge Sketch g
li. APG Fhotes B205L, B2055, B2167 / y
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FIRING RECORD NO, At-20352

INCLOSURE 1 4
DISTRIBUTION
Chief of Ordnance . ;J
#ashington 25, ., C, ' Sty
Attn: ORDTA 1l copy o
OROTB 1 copy
CROTT 1 copy
Cormanding General 5
ricatinny Arsenal
Lover, HNew Jersey . 1 copy f
Commanding Officer ;
Datroit Arsenal
Center Line, Blchlgan = 2
Attn: ORDUX-ECC 1 copy s
ORDMX~ECk 1 copy
Commeanding Officer
iatortown Arsensal
dater town 2, Massachusetts
attn:  laberatery 1 copy

Ure mmerson . Fugh :
Carzebie Institute of Technology e
Schenley park

r‘ttakurAq, Fenusylvania

THRU: Pittsburgh Ordnance District 1 cepy "
armed ofgrviges T .;cal A-.Ja icn Agency .
UXCuments dervice C nte' y e
/ p
Knqtt uzJ‘ln .
8 ;
att JuL-oA 5 copies y
AFF Lieisorn Ufficer : o |
Aberleen Froving Ground, Marylend &
HRU: T. I. B, 1 copy 3 ~

Yeapcns Oystems uauu.a*\r/
Ballistic Rescarch latorateries

Aberdeen Froving Greund, Marylend 1 copy

Termina‘ vallistic Latcratory
Bullistic Research raberatories
Aberdeen rroving Uround, Yarylend . 1 cepy

Techrnical Inf'ormsticn Brench
teen rrcuing uround, Maryland vriginel and 1 copy
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CONFIDENTIAL

B2054 CONFIDENTIAL

® ABERDEEN PROVING GROUND 8
Project No. TB3-1224B,

13 September 1954
Testing of Special Picatinny Arsenal Device.
Front view of the 4" target plste used during the test of the
Ploatinny Arsenal Devics versus the Shell, 106mm, HEAT, T119E1ll
(M344).

Ten rounds were fired; rounds 3 and 4 are not marked
since only negligible scarring resulted from these roundse.
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B2055 CONFIDENTTIAL $ ABERDEEN PROVING GROUND &

Project No. TB5-1224B. Testing of Special Picatinny Arsenal Device.
Front view of the 4" target plate used during the test of ths
Picatinny Arsenal Device versue the 90mm APT 33E7 Shot.
rounds were fired. Rounds 1 and 2 were fired without use of the

Picatinny Device. Round 11, badly broken befcre striking the plate,
is indicated by the circled areas,

13 September 1954

Eleven

r
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B2167 CONFIDENTIAL $ ABERDEEN PROVING GROUND $ 20 August 1954

Project No. TB3-1224B., Test of Special Picatinny Arsenal Device.
Shot, 90mm, AP, T33E7 (Round No. 11), broken in flight by fragments
of modified cutting charge.
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FIRING DATA - PAD V5 90MM HEP

TRIGGER
SCREEN DIST. PAD DIST. FAD
RD. NO. DIST. TO  RESULT BELOW OFF=SET FR)! DIST. PAD  PAD LINEX
DS PLATE ON PLATE  PROJ (2) L OF FLIGHT TO PLATE ANGLE
1 Nene Spall No PAD - - -ttt
Not ieas. Used S E_G H ET
2 None Spall No PAD - -3t
Used
3 Al.lesh  No 18" L 3om 140°
30" Spail
L Al.Zesh  No 30" 6" 32" 140°
2332 30" Spall
5 Al JFoil Spall 6om 10 32n 1,0°
2331 30"
6 Al Foil Spall 60" 1o 32 140°
2336 3o
7 Cu.Mesh  Spall L 6" 320 1,0°
2334 30"
8 Cu.Mesh  Spall IRy é" 30" 115°
2358 30"
9 Cu.lMesh Spall Ls" 6 30" =t
2361 30"
10 Cu,lesh Spall 30" 6" L7 165
2349 L3"
11+ Cu.liesh  No 18" 6" 32n 115°
30" Spall
12+ Cu.Mesh Yo 30" 6" 32 140°
3om Spall '
13+ Cu.Mesh Spall Lsn é" 32" 140°
30"
Ll Cu.Mesh No 30" 6 3an 115°
30" Spall
15° Cu.llesh No 3o 6" 30.6 ft 1L0° #
30.5 7t Spall
16%* Cu,liesh Spall Len (&0 30.% £t 14L0°
30.5 ft
D
17 Cu.lesh Spall Lev &" 32" 140
2020 Slou SECRET
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FIRING DATA - PAD VS 90.2{ :EP (CONT'D)

TRIGGRX
SCREEN DIST.P.D DIST., FAD
RD, NU. DIST. TO RESULT BELOVW  OFF-SET FROM DIST.PAD PAD LINER
W {Ups)  PLATE ON PLATE PROJ (2) L OF FLIGHT TO PLATE ANGLE
18 Cu.lMesh Spall Lo 6" 34" 140°
2320 Lé"
19 Cu.Mesh Spall Ls" 6" 3L ft 1400 ##
3L ft.

# Velocities not measured. Estinated: 2320-23L0 fps.
3+ Calibration of Ammmition

#303¢ PAD not initiated

# Fastax films taken

## Missed screen

SECRET
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APPEILDIX E

FASTAX F . LIl AIlD WITNESS PL.TE TRIALS
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I, PHASE I

A, PURFOSE

Tc obtain fragment velocity and penetration data, using mild steel target
witness plates,

>, s SECRET

Two pads with 1)0° copper liners. No., 1 was statically detonated with base
parallel to g round,mild steel laminate 66 inches overhead. Leminate consisted of
two 12 gauge sheets followed by 1/ inch sheets, No. 2 was detonated with base

perpendicular, in longitudinal direction (B), target 66 inches away., Both charges
were photograrhed by Fastax camera to obtain fragment velocity data.

C. PADS 3 and L

115 degree liners, detonated like No, 2 except that laminate of witness sheets
consisted of one 12 gauge mild steel sheet followed by 1/ inch mild steel sheets. These
charges were detonated for fragment distribution data, (See Flots 1,2, and 3)., Pad No. L
was modified to simulate combat conditions as follows: The liner trough or wedge angle was
filled with moist soil scraped in the test area. This dirt filler was held in place by
masking tape. The charge was detonated against the same setup as was No., 3. A summary of
fragment penetrotion and distribution data is given in Plots 1,2, and 3,

II. PHASE II TFRAGENTATION CALIBRATION

A, PURNOSE

To obtain an indication of PAD frapgmentation efficiency and penetration capa=-
bilities by comparison with available devices using lesser weichts of explosive,

3. PROCEDURE
Two 2 inch I.D. black pipe nipples and four 2 1/2 inch I.D, galvanized pipe

nipples were capred at one end. Each was then filled lengthwise with an inert mixture
(Plaster of Paris) for one half of the nipple diameter, looking in section like this:

Teteyl \\‘_-_

Bocster D

The plaster filling was then drilled thru, a2t the cernter of the nipple length, for a
tetriyl boostor pellet. The remaining semi-circular section was then {illed with explosive
C3. A tarulation of the pipe charge choracteristies follows:

SECRET @(i
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Pipe ID 2 inches 2 1/2 inches

Pipe OD 2 3/16 inches 2 13/16 inches

Pipe Length 6 inches 10 inches

Pipe Type Black Galvanized

Wt Charge .53 £.03 1b C3 1.3 1bs C3

Wt Pipe, two Steel Caps

(at ends) & Inert load L.75 1lbs 10.2 1lbs

Wt of Single Cap 1.15 lbs‘ 2,15 lbs'

Wt as fired w/one cap 5e3 £e10 1lbs 9.3 £.10 1bs
D, RESULTS

1., %hun the 2 inch pipe nipple was detonated from a position with its
axis parallel to the ground, the fragment pattorm obtained was apparently too
linited to be comparable to a PAD, The next chorge used was the larger diametey
longer, 2 1/2 inch I.D. nipple. This charge, effectively a miniature bangalore
torpedo, was detonated with the axis perpendicular to the ground. The large angle
of fragment distribution is apparent from APG photo.raphs B5971-73. This pattem
might he considered inherent in the shape of the charge casing. Also noteworthy
are$ reduction in numbers of fragments for t.e thick steel pipe casings and
greater proportion of penetrating frapments in later witness sheet (No.3).

2, A tabulation of fragmentation data for the first of each type of pipe
nipple and the four PADS detonated in the last phase of this program is given below.
Two additional pipe nipples of each type (2 inch I,D, and 2 1/2 inch I.,D.) were

detorated.with axis vertical. Fracmentation data, density,and numbers of indentations

in each mild steel witness sheet are summarized in Plots 1, 2, and 3 which follow.
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WITNESS PLATE FIRINGS

SPREAD(") OF - g TOTAL NO, OF DENSITY OF
WITNESS  INDENTATIONS  PENETRATIONS  INIENF- PENE- INDEN~ PENE-
CHARGE PLATES BT . 5 g . TATIONS TRATIONS TATIONS TRATIONS
Large areas of
PAD #1 10 ga 10 51 10-l4 51 tiny & large Too high to cou&t
140° Liner 12 ga 10 51 6 32 117 23 23/ft Jd2/f%
1/4" 8 L2 6 23 65 6 «20 py
1/4" 8 35 - 23 3L L 012 -
PAD #2 Very
140° Liner 12 ga 21 o 22 Lo Large 25,3 = «30
12 ga 21 o 21 Lo " 60 - 07
1/4" 21 Lo 16 29 164 5 020 .01
1/4" 30 36 = - 13 1 .02 -
STEEL FIPE NIPPLES
Pipe #1 12 ga 36 £ 14 36 4 1L - 25 - Tel2
2" ID 12 ga 36 £ 1, 36 £ )T 51 10 .10 <02
Axis at 1/4* 36 £ i, - - 16 - «03 -
0° elev,
Pipe #2 Over Over
21/2" 1D 12 ga 2L 8 £t 24 8 f+ Large 118 Large 7.08
Axis at 1/4" 2l g, = 83» 5 934
90° elev. 1/4" 2L "o - 1 3.06
Very
PAD #3 12 ga L8 15 55 Large & =
115° Liner 1l/4" 27 L8 12 S5 " 16 21,3 1.7
1/L" 15 i - - hi - 9.6 -
/4" 12 n - - 19 - S¢S -
Approx.
PAD s 12 ga 30 35 30 35 Large 75 Large 10,26
115Y Liner# 1/4" 30 35 0 20 2.og 2 28,5 -
1/ 2L 32 - - 13 - 2.4 -
1/, Center of Plat 2 - - -

% CSandy loam loosely held in wedge by masking tape.
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APPENDIX F

APG PHOTOGRAFHS NOS, B5968 THRU B5973
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B5968  SECRET 8 ABERDEEN PROVING GROUND 24 January 1955
Project No. TB3-1224B, Tes: of Plcatinny Arsenal Device (Ped). Pene-
tration into Mild Steel.

Pad llo. 2., Fragment damage 66" from charge in first sheet (12 ga.)
of witness plate laminate.
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B5969 SECRET 5 ABERDEEN PROVING GROUND;Q 24 January 1956

Project No. TB3-1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild Steel.
Pad No. 2. Pragment damage 66" from charge in second sheet (12 gRe)
of witness plate laminste,
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B5970 SECRET -~ % ABERDEEN PROVING GROUND $§ 24 January 1955

Project No. TB3-1224B., Test of Picatinny Arsenal Devlice (Pad). Pene~

tration into Mild Steel,
Pad No. 2. Fragment damage 66" from charge in third sheet (1/4")

of witness plaste laminate.
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B6971 SECRET 8 ABERDEEN PROVING GROUND t 24 January 1958

Project No. TB3-1224B, Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild Steel.
Special Device No. 2. PFregment damage 66" from charge in first
sheet (12 ga.) of witness plate laminate,
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BS972  SECRET '§ ABERDEEN PROVING GROUND $ 24 January 1955

Project No, TB3-1224B, Test of Picatinny Arszenal Device (Pad). Pcne-
tration into Mild Steel.
Special Device No. 2. Pragment damage 66" from charge in second
sheet (1/4%") of witness plate laminate.
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® ABERDEEN PROVING GROUND 3 24 January 1955

B5973 SECRET
Test of Picatinny Arsenal Device (Pad). Pene-

Project No. TR3-1224B.
tratior into Mild Steel.
Special Device No. 2. Fragment damage 66" from charge in thircd
sheet (1/4") of witness plate laminates
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Document Service Center
Dayton 2, Ohio

Chief, Bureau of Ordnance
Dept. of the Neavy
Washington 25, D, C.
Attn: Re3

Commander
Naval Ordnance Laboratory
White Oak, Silver Spring, id.

Commander
Naval Proving Ground
Dahlgren, Virginia
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US Naval Ordnance Test Station
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Washington 25, D, C,
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I. INTRODUCTLON:@

A, DISCUSSION

1, On 28 July 1953, a conference on Defense Against Shaped Charges was
held at the Ballistic Research Laboratories, APG. This conference resulted in the
formation of the Ordnance Corps Comnittee on Defense Against Shaped Charges.®* Al
this same conference, a unique method of defense against shaped charge missiles,
evolved by Picatinny Arsenal personnel, was described, In this method, a lined
explosive charge,#triggered by an incoming projectile, produces a sheet of
fragments in a plane roughly normal to the trajectory of the missile., These frag-
ments strike the HEAT shell body and so damage it that the shell loses its
penetration capabilities., The application of this device then envisioned was the
setting of a series of such chargzes on the stoware boxes, fenders and turret

periphery of a tank, as necessary. 5'&&&&]'
2. The lined explosive churge d tially was referred to as a

"linear cutting charge," after the British terminology. It was described more fully
at the first meeting of the above-mentioned Committee on 25 September 1953,

3. At the meeting in September 1953, the charge model was described by
Picatinny Arsenal as approximately eight inches long, carrying a little over a
pound of explosive, with a T18 detonator and annular booster near sach end, making
for two-point initiation. In the first tests by Picatinny Arsenal, seven 3.5 inch
HEAT M28A2 rockets were fired at armor plate, first striking a pair of aluminum foil
electric-detonator triggering screens in front of the plate. These screens, on
short-circuiting, permitted the detonator system to initiats the charges. No 3.5
inch rocket round penetrated more than three~fourths of an inch of the armor against
which it was fired.

L. The suggestion was made by the D&PS representative at this meeting
that such a device was potentially even more valusble against other missiles than
HEAT, This was predicated on two possibilities:

a. Effective breaking up or cracking of a large caliber armor-piercing
shot might be achieved by the impact of liner fragments on the projectile body.
This aspect was investigated in the tests to be described,

b, The impact of a liner fragment of sufficient momentum might deflect
or upset the target missile by ar amount sufficient to prevent complete penetration
of the target armor, An elementary study of this aspect indicated that upsetting a
large caliber projectile of the AF or AP HE type by fifteen derrees (a conservative
guess of the amount necessary to degrade the penetration capability of typical AP
projectiles fired against oblique armor) requires an inordinately large fragment
momentum, A limiting condition is the distance the missile must travel, before it
strikes the target armor, after being hit by 2 liner fragment,

5. a. A basic limi ation of the method of defense by this explosive device
is the necessity for a reliable and accurate sensing and triggering system. Ome

# Ref.: Letter from OLDTR, File No. 33L/92L, APG 337/900
=% See sxetch in Apoendix B
5
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reason given for the relatively slow development of the charge is that without an
automatic, quick-acting, sensing and initiating systen, it is relatively useless

for its intended purpose. §E Q ML
be Considerable progrdSs 2 e, however, in the direction of

developing a sensing and triggering system, under project DASH DOT, Ordnance Project
No., TA3-5204. Under teclnical supervision of the Picatinny Arsenal, the United Shoe
Machinery Corporation has developed an electronic mechanism system for the purpose
described above,

c. The following is a description of the system provided by the
contractor in a progress reports

A method using C.W.X, band radar has been tentatively adopted for
the detection of attacking missiles, Missile velocity is determined by the doppler
frequency produced by the iupact of the transmitted energy on the approaching
missile., The range of missile velocities involved requires the production of a
time delay which increases as the missile velocity decreasesy in order that all
missiles may be in the same vertical plane at the instant of detonation of the linear
charge which is used to defeat the missile, The delay required for all missiles
between 200 and 3000 feet-~per-second velocities has been worked out, theoretically
resulting in all missiles being in the same vertical plane g 1.43 inches over a
vertical distance of 5 feet, Various methods of developing the required delay
have been explored and a breadboard model of a simple and reliable method has been
constructed. The delay available has been extended to 3800 microseconds maximum, to
include low veloclty missiles arriving at extreme angles of obliquity. The radial
velocity of a 200 feet per second missile may be only 67 feet per second, producing
a doppler frequency of some 1360 cycles per second. A "missile simulator" in which
Styrofoam cylinders are propelled along a plexiglass tube has been constructed to
enable preliminary tests to be run in the laboratory. Missile velocitles in excess
of 350 feet per second have been obtained in the "simulator" and velocities up to
500 feet per second should be possible with increased air pressure.

de A description of the instrumentation used is provided in the January
1955 progress report by the same agency.

ee. A test with the breadboard model sensing dynamically-fired artillery
missiles was described at the meeting of the Ordnance Corps Committee on Defense
Against Shaped Charges on 1 Nov 1955, The test results were generally satisfactory.

f. A second limitation of the device in its present form is that
connected with exposed mounting on a vehicle, With the apex of the liner in normal
position, so that fragments can be projected upward, the device may accumulate mud,
dust and snow in the exposed cavity. A brief, inconclusive test of the PAD was
conducted in conjunction with the calibration and hizh speed movie firings to
investigate this limitation. Some reduction in fragment energy was noted with one
charges

6
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6. Countermeasures that might be exployed againet a successful application
of a radar-contrclled PAD* aystem to a vehicle would depend to a large extent on the
performance of the seneing system and the location of the PAD,

a, If the charges wers mounted close to the tank surfaces, and aimed
vertically, it might be feasible for the enemy to use and attacking HEAT miasile
which attempted to detonate before the PAD did. A large diameter (6 in. and up),
long~ogived, HEAT round, performing better at a long standoff than conventional ones,
might be adequate for penetrating the tank defended by PADs, in the arrangement

descrided.
b. A more WBSEBRE-[corporato the above features and a

proximity fuse as well.

¢. The above speculative anti-PAD missile designes add additional
support to the Proving Ground's interest in the design and development of PAD
type devices for other applications (i.e, anti-AP, anti-HE shell, anti-personnel,
anti-mine ).

d. Finally, wvhile beyond the province of this report, it is not
overlooked that PAD type devices may prove feasidble as protective measures in some
US Air Yorce and US Navy materiel. Air-to-air defense against chemical energy
misestiles is an application worthy of serious ccnsideration end extensive develop-

ment .,

B. EEFERRNCES

1, Ltr, ORDTB 334492k, APG 337/900. Subject: Ordnance Corps Committee
on Defense Ageinst Shaped Charge Program.

2, Memorandum from Director BRL to Director, D&PS, 2 August 1954,
3. Memorandum from Director BRL to Director, D&PS, 3 November 1954,

4, Monthly Progress Reports on Ordnance. Project TA3-5204 (DASH DOT) by
Research Division, United Shoe Machinery Corp.

5. Minutes of the Ordnance Corps Committee on Defense Against Shaped
Charge Weapons, November 1955.

® The term FAD (Picatinny Arsenal Device) was proposed by the D&PS and accepted
by the Picatinny Arsenal representative at a Committee meeting,

7
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II. DESCRIPTION OF MATERIEL

A, Some modification of the first demonstration medel of the Picatinny
Arsenal device was effected by the Terminal Ballistics Laboratory, BRL. A
single point initiator (M36) was substituted for the twin initiators hitherto

SELRET.
l. A flash radio i nt pattern of such a charge is

provided in Vol, I, No., 2 of the Ordnance Corps Shaped Charge Journal, Oct.
sk, (Pages <276-277$.

2« This radiograph shows the divergence and critical curvature of a
single«~point initiated sheet jet., A 3-point -initiated charge with an essentially
straight front; had interacting jets where the main f ronts met at the liner, This
charge had a ninety degree wedge angle with a 1/16 inch copper liner, For the
dynamic firing tests described herein, the TBLe BRL versions of the PAD were used,
A sketch of a typical PAD is mrovided in Appendix B. The devices used were ten
‘inches long and loaded with 1,67 lba, of C3, In section the steel or copper liner
resembles the letter M, The interior angle was usually large, ranging from 115
to 165 degrees for different liner designs and materials,

Be Target armor for the dynamically-fired projectiles was rolled homogeneous
armor of varying thicknesses and obliquities, Thickness and obliquity were combined
8o that the prejectile could defeat the armor unless degraded by the PAD fragments.
Uajor items used are listed below:

PROJECTILE WEAFON ARMOR OBLIQUITY
90mm AP, T33ET7 Gun, M3 Ly inches R.H, 15°
90mm HEP-T, T1L2E3 Oun, T119 2 inches R.H. 559
106mn HEAT, T119E11 Rifle, M70 L inches R.H, 30

III. DETAILS OF TEST

A. PROCEDURE

1. For the major test phases, i.e,, defeat of dynamically fired missiles,
the target armor was placed in plale butts to provide obliquity in the vertical ‘
plane, The charges (PADS) and triggering screens were then positioned on the ground,
usually a few feet. from the armor, These distances were changed as test requirements
dictated. The vertical and the horizontal distances between the charge and the
trajectory of the attacking projectile were varied for different projectilecs,

2, When the projectile was fired at the target armor, it pass=d through
" and short-circuited a pair of closely spaced aluminum foil or wire mesh screens,
This permitted initiation of an M36 electric detonator which in turn initiated the
PAD, A successful PAD was one which prevented complete penetration of the armor.
by the attacking (target) projectile,

3. '"hen test results dictated, fastax films were taken to obtain data
on the behavior of the PAD fragments and on the target projectile,

8
SECRET




. SECRET

L. To obtain data on PAD fragment velocity and penetration characteristics,
special detonation tests were conducted in a final test phase. PADs were detonated
so that fastax films of fragments striking mild steel plzte could be made., The
time interval between the detonation and the flash caused by a fragment striking

the target was computed from the film, Since the charge to ) was known,
the velocity of the fastest liner fragments was determined.

5. The PAD liner fragments were checked for depth of penetration into
nmild steel, both with and without a filling of mud in the liner wedge. It
appeured that such penetration was limited for the weight of explosive used.
Accordingly, a crude comparative fragmentation test was devised,

a. Locally available steel pipe nipples, 2 inches ID by 6 inches long,
and 2 1/2 inches ID by 10 inches long, were half-filled, axially, with plaster of
paris. A hole was drilled in the nipple wall at mid-length thru the inert filler,
to house a tetryl pellet, Explosive C3 was then pressed into the remaining semi-
circular segment of the pipe, for its full length. In section, the pipe looked
like this:

T

C3

TE tvy ‘ Boostcr--x

B. RESULTS

1, Detailed firing data and results for the PAD vs 90mm AP T33E7 shot
and vs the 106Gmm HEAT T1l9Ell are contaired in F.R. No., Ar=20352, a copy of which

forms Appendix C,

a. With steel-lined PADs eighteen inches below the trajectory, 90mm
AP T33E7 projectiles were defeated four times in four, at projectile wvelocities of
the order of 2050 fps, The defeated rrojectiles were cracked or brokem by liner
fragments as shown. by one smear type photograph, ARG 32167, in Appendix C;when the.
velocity of the attacking T33E7 projectile was increased to 2500 fps, the projectile
cdefeated the targel armor in the limited firings conducted. The exact interaction
between liner fragments and successful projectile is mot known. A change in liner
design or orientation may be acdequate for defeating the hirher velocity projectile.
(For attack at 15° obliquity by 90mm AP T33E7, the ballistic limit velocity of a
L-inch rolled homogeneous armor plate like the target plate is usually of the order
cf 1700 fps).

9
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b, With copper-lined charges at the szme distance (18 inches below
and L inches off center of the trajectory), several recoilless rifle rounds,
106mm HEAT, T119Ell, were defeated. At 29 inches below and six inches off center,

and at fortyetwo inches below and nine inches off was successful,
One round was fired for each condition described, K:

c. Several of the other rounds fired in this 106mm T119Ell series
were of dubious quality, however, This was evidenced by a fuze failure on a final

T119Ell fired as a check. Without a PAD in position to attack it, this last round
broke up on the face of the target armor plate without proper functioning.,

2., Detailed firing data and results for the target 90mm HEP-T T1L2E3
projectiles, fired at velocities of the order of 2320 fps, are conteined in
Appendix D. Copper lined charges with included angles of 115°, 1L0° and 165°
were used, A summnary of results follows:

PAD LINER AlCLE VERTICAL STAIDOFF RESULTS
(PAD below Trajectory)
115° 1 at 18 inches Projectile defeated
1l at 30 inches Projectile defeated
1 at 45 inches Projectile not defeated
1400 1 at 18 inches Projectile defeated
3 at 30 inches Projectile defeated
6 at L5 inches Projectile not defeated
2 at 60 inches Projectile not defeated
165° 1 at 30 inches Projectile not defeated

3. It appears then that vertical distances rreazter than thirty inches are
too much for the PAD, as tested, against 90mm HEP-T, TL1L2E3,

L. When it seemed that fragment energy fall-off or s-me similar factor
was critical over a short distance (i.e., from 30 to L5%), fastax f£ilms to obtain
liner frarment velocity data were taken. Inspection of films indicated that a few
of the fastest liner fragments were of approximately uniform velocity (11,000 fps)
over a six foot distance, Velocity data for most liner fragments was not obtainable
by standzard hirh speed photography methods,.

Se. Static detonation of the charge for fragment penetration data
indicated fairly limited spread ard penetration. (See Appendix E and Photos),
Comraravle penetrations and wider spread were obtained using locally available
2 1/2 inch galvanized steel pipe nipple and lesser explosive charge weights,

6. When the wedge or cavity of one charge was filled with moist soil,
a fall-off in fragment penetration was observed.

10 .
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C. OBSZRVATIONS

1. a. The defeat of attacking chemical energy ammmition (HEAT, HEP=-T)
resulted fram high order detonation of the explosive charse. This, in turn, resulted

from copper-liner f ragment penctration of the shell body E EL
be A high order detonation of an incoming s1le desirable

for the vehicle brin; defended., Attempts to defeat chemical energy ammunition by
lower energy particles may be desirable from this standpoint as well as Iyrom the
standpoint of reducing the amomnt of explosive filler in the defending charge.

2, The maximum vertical distance required between incoming missile and
liner varied with each type of missile. For defeating kinetic energy rounds, a
shorter distance may be required., If this is so, a determination of the major
missile targets should be made. This re-evaluation of the mission of PAD type
devicewis necessary because of the possibility of specially designed ammunition
of the HEAT type which might frustrate such a device (See IA-Discussion),

D. OBSERVERS

In addition to D:PS and BRL person:;el directly connected with these firings,
the following were present for some phases of the HEP=-T firings:

¥Mr, Paul ¥illner - Picatinny Arsenal
Mr, J. L, Minto - United 3hoe ilachinery Corp.
IV. COINCLUSLONS
A. The PAD (Linear Cutting Charge) as tested offers considerable promise for
protection of armored targets against chemical enerpy anmmition of the HEAT and

HEP type.

B, The device also offers ccnsiderable, if not superior promise for use against
higrh explosive shell, = rmor piercing projectiles and similar artillery ammunition,

Ce. As tested, the performance against 90'Ll AP ammunition fell below that
against HEP-T and HEAT,

D. The tactical performance of such a device may be limited by environmentel
conditions such as terrain, snovi, dust, etc,

E., The test data does not permit selection of an optimum liner material or
configuration until tactical objectives and limits of performance have been
established,

#* Large caliber HE filled shell may cause serious blast datage on the tank exterior,
Fregments resulting from a high order detonation would also be a serious damage threat.
A low-order detonation, or mere shell break-up, is therefore preferabie,

11
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V. RECOMENDATIONS E eﬁ‘B EJ:[
A, The developwent of exp& r combinations should be extended

to provide & determination of the most effective systen,

B. The application to defeat foreign HEAT and kinetic-energy artillery
ammunition should be stressed in future development.,

C. Increased versatility of the device should be a major objective in future
design, with some attention to anti=personnel utilization.

D, Tests to determine operational suitability on a movinz vehicle should be
initiated., Performance wnder v arying weather and terrain conditions should be
investigated,

E. Specific military characteristics should be made the basis of future design ,
These characteristics should t ake into consideration the limitations and potential

versatility of the charges tested as described in this report as well as such
obvious considerations as safety of tank crews and tank-accompanying infantry.

ARTHUR QLLE}:SD )fz

Eng. Ordnance

%W, I ol o LtV o ndeg

sy s. L'OOD'JIN ' HERBSRT L. ROSENBOIG
[Asspstant Directér for Chief, Terminal Ballistics
@gineer* ng Testing Division

Develomne 1t & Proof Services

1z
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APPENDICES
APPENDIX A - Correspondence
APFENDIX B - Sketch of PAD
APFENDIX C - Firing Record Ar-20352 .
APPENDIX D = Firing Data and Results - PAD vs 90mm HE-P
AFPENDIX E -~ Witness Flate and Fragmentation Data
APPERDIX F - APG Photographs Nos. B5968 -=B5973 inclusive.
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APPENDIX A

CORRES PONDENCE

1. Interoffice Memo from Director, BRL to Director, D&PS
dated 2 August 1954 with lst Indorsement dated 15 October 1954

2, Interoffice Memo from Director, .BRL to Direotor, D&PS
dated 3 November 1954

3. Letter, File APG (S) L71/31, 00 Ls-/8892

L. Teletype ORDBB=TRl TT8&96 22706 7 1954
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Request for Firing of $0mm Kinetic 1st Ind Mr APillersdorf/hlc/23229

Energy Rounds and 105 o
HEAT Rounds t ET

Director, Development & Proof Services, 19 October 1954
TO: Director, Ballistic Resecarch Laboratories

1. The dynamic firing test requested has been completed. Firing data
and results are contained in Firing Record AR-20352, copies of which are to
be forwarded to both feapons Systems and Terminal Ballist.cs Laboratories.

2o As pointed out by the D&PS representative at meetings of the
Comnittee on Defense Apainst Shaped Charges the Picatinny Arsenal Device
offers particular promise against non-HEAT rounds, The 9Cmm & T33E7
round is the most severe test of the device, At very low remaining
velocities (2050 fpr or so), the round was totally defeated four times
in four., At 2500 fps or so, the ch:irges provided by TBL were unsuccess-
ful in stopping the round. Since appropriate development testing of this
device has been so limited to date D&PS has proposed to test various modifi-
cations and applications of this device, particularly acainst foreign
ammnition, Replies from ORDTA, ORDTB, and ORDTT are presently awaited.

3. In view of the SECRFAT classification of results on this project
by Picatinny Arsenal, this correspondence is being upgraded accordingly.

T. F. COLLERAN

2
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COPY OF CONFIDENTi1aL OFFIC~ LELORANDUM FOR FILE

Mr Kirkpatrick/ccw/22261
2 August 1954

TO : Director, Development ¢: Proof Services
FROM ¢ Director, Ballistic Research Laboratories

SUBJECT: Request for Firing of 90mm Kinetic Energy Rounds and 105mm
Recoilless HEAT Rounds

l. In connection v§\£:g|ﬁnt'bl defense a-ainst shaped charge weapons

a method has been proposed by people at Picatiny Arsenal and has been tested
to some extent by members of the Terminal Ballisties Laboratory. However, to
determine the full value of this type of defense it will be necessary to fire
full scale dynamic rounds,

2, This form of defense consists of a line charge, fired by electronic
means, to damage the shell befor. it arrives at the armor. Conversation with
Mr. Cronmen of TBL indicates that charges are available and that they can be
prepared for these tests, It is desirable that the results of these tests be
available for the next eeting of the Committee on Defense Against Shaped
Charres 26 August 195,

3. The test desired would consist of 10 rounds of 90mm AP fired into an
armor target protected by this device, The other test would consist of 10
rounds of 105mm HEAT ammmnition fired from the 10Smm recoilless rifle. The
armor for this second condition would be identical with that for the first
test. It is desired that highespeed motion pictures be made of the terminal
effects of these firings.

L. It is requested that 10 rounds each of the kinetic energy and the
HEAT rounds be fired. Necessary material and labor will be charged to Project
TB3-1224B, W.0, 962=002-00,

5. It is further requested thut these Laboratories be notified of
the time of the firings in order that an observer may be present,

s/ Herbert R, Dichtenmueller
HERBERT R. DICHTENUELLEE
Lt Col Ord Corps
Asst to Director
BRL
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OFFICE MBMCRANDUM - UNITED STATES GOVIRNMENT

THRU t Chief, Weapon Systems Laboratory EL¥i rkpatrick/ah/22261
Chief, Terminal Ballistios Laboratory

TO s Direotor, Development Eh?ﬁtTrvices
§§L

FROM s Director, Ballistic search Laboratories

DATE: 3 November 1954

SUBJECT; Test of HEP vs Line Charge

l. It is requested thet 90mm HEP emmunition be fired to deterriine an effec-
tive method of employing the line charge for the defeat of this type of ammunition
as per conversations between Mr. E. L. Kirkpatrick of WSL, Mr. Kronman of TBL and
Mr, Pillersdorf of D&PS.

2. Twenty-five lot PA 180-8 HEP projectiles will be allocated for these tests
under Project TB3-122/;B. :

3. The line charges with their sensing circuits will be supplied by the TBL
of BRL at the time of the %tests.

L. It 3s requested that the armor arrangement for “hese tests be such that
it would be defeated 100X of the time by the 9Omm HEP round when a defense nuchan-
ism is not used. The arrangement to be used will be with concurrence of TBL, WSL
and D&PS representatives.

5. It is requested that spalls resulting from any unsuccessful line charge
defenses e recorded with their weight, description and photograghs,

6. The tests will be interrupted at any time the BRL deems necessary for
revision of the sensing device,

7. It is requested tha%t 10 rounds be fired a* a ocondition before it is cred-
ited with succesaful defeat of the round.

8., It is8 requested tha*t high spsed motion pictures be taken of the engagement
of the round with the target.

9. It is requested that photographs be taken of the targe* arrangement before
and after the tests.

10. The results of *hese tests will be classified "SKCRET".
11. It is reguested that the BRL be potified «t lsast 72 hours prior *c¢ *he
firing of these tests so that Picatinny Areenal snd the United Shoe Machine Company,

under contract to Picatinny Arsepel, may be notified.

12. The priority of this project is 1A,

’

/ty Eo N. Kirpsten

‘ L*. Colonel, Ord lorps
Asct, *o Director
ol

1llistic Research Laboratcries

s -
/8/ E. N. Kirsten ,?
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Mr APillersdorf/hlc/23229
ARG (S)471/31
00 /LS=-18892

ORDBG=DPS=AA
SUBJECT: Dynamic Tests of Picatinny Arsenal Device (Cutting Charge)

TOs Chief of Ordnance
Department of the Army

Washington 25, D, c. SEGRET
ATTENTION: ORDIT
1., The afficacy of the Picatinny Arsenal Device in defeating
kinetic energy and HEAT projectiles has been demonstrated by a brief
firing test of a modified charge provided by Terminal Ballistics

Laboratory, Ballistic Research Laboratories, Detailed results are
reported in Aberdeen Proving Ground Firing Record Ar-20352,

2. Given below is a summary of results obtained for the following
projectile types when attacked by the modified Picatinny Arsenal Device:

a. Four rounds of 90mm AP T33E7 Shot were unable to psnetrate
a 4" armor plate at 15° obliquity protected by a cutting chargej the
striking velocity was approximately 2050 fps whereas the ballistic
limit velocity of the plate alone was approximately 1700 fps.

be Four rounds of 90mm AP T33E7 Shot fired at approximately
2500 fps were able to completely penetrate the same L" armor plate
protected by a cutting charge,

Ce Six rounds of 106mm HEAT ammmnition (the T19Ell Shell)
fired at approximately 1600 fps were unable to produce penetrations
greater than 2" in the armmor plate target protected by a cutting charge.,

3+ Since the 90mn AP projectile was selected as the most severe
test projectile for the cutting charge, the potential of this type of
device in an improved form should not be overlooked in other respects:

a. For use against HE shell and composite shot (HVAP, AP-DS,
etc, ) as well as against Soviet AP-HE ammunition.

b. As an equivalent of aprreciable armor thickness; while:
the 90mm AP projectiles fired at 2500 fps were not totally defeated,
they may have been upset or degraded so that the actual balliistic
limit velocity against the target plate would have been appreciably
higher than the limit velocity obtained by firing against an "unguarded"
plate,

J‘:‘\
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ORDBG =DPS=AA
SUBJECT : Dynamic Test:SZEE senal Device (Cutting Charge)
4o The cutting ¢ « 1! for this test had liners of steel
for use against the AP projectiles, and of copper for use against the
HEAT ammunition. Results of static detonation tests conducted by
Terminal Ballisties Laboratory and reported verbally by their repre-
sentatives show that steel liners in this type of charge cause more
severe damage to AP projectiles than do copper liners. Apparently this
is because the larger fragments from the steel liner are able to more
effectively damage or break up the heavy body of the AP projectiles,
Steel liners should also be effective against HEAT ammmition although
because of the thin wall of such ammmnition copper liners have been
found sufficiently effective, Testing of materials to determine what
materiel will furnish the optimum liner for effectiveness against all
types of attack has of necessity been limited to date but needs to be
explored fully to establish definitely the performance which can be
expected from cutting charges. Tests of liner materials should include
various types of steels, steel—copper bimetallic or amalgam liners,
cast iron and possibly titanium as liner materials,

5. Since the referenced test program has been completed, no further
testing can be planned until new directives are received,

a, Development and Proof Services has received a copy of a
directive from the Detroit Arsenal, the original being in Gffice, Chief
of Ordnance, ORDTTj3 it is recommended that this directive be forwarded
for action by Development and Proof Services.

6. It is recommended that Development and Proof Services be
authorized to investigate the following:

a, Defeat of HE, HVAP, AP-DS, and Soviet PA-HE ammunition by
cutting charges,

be Behavior of cutting charges against higher velocity kinetic
energy (AP, APC) and HEAT rounds, this to be given high priority.

ce Testing of a cutting charge incorporating desirable features
of the "Claymore Device'" for arti-personnel use., This would make for a
more versatile and logistically desirable item of ammunition: A dual-
purpose tank-mounted or hand-carried grenade.

d. Applications of modified forms of the charge as an anti~tank
mine and as a device to defeat anti-tank mines.

CC OCO-~ORDTA
ORDTB
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EGAT2 RECEIVED

v &Eﬁﬂﬁl .

: PROOF SERVICLES
DE UEGRP 35 AP‘J’A\{D.

R 0318372
F1i CO PICATIINY ARSENAL DOVIR NJ
TO CG ABERDEEN FG 3D

DA GRNC

FOR ORDBG-AA=DPS PLESS FROUL ORDBB-TRL TT8696 WILLNER SGD CARSON YOUR
22706 AND SUBSEUUENT FONBECON BET#EEN PILLERSDORF AND WILLNER C'%: DR
B A LIOYD AND !R PAUL WILLNER WILL ATTEND TEST FIRINGS 7 DEC 195 IN
CON:ECTION WITH TANK DEFEXSE PD IN ADDITION A AXIMUI OF L PERSONLEL
FRO! UNITED SHOE MACHINERY CORP WILL ATTEND IN CON!ECTION "I TH CONTR
P-49

CFN ORDBG=-AA=DPS ORDBB~TR1 TT8696 22706 7 1954 L P=49
03/1856Z
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APPENDIX B

Sketch of Plcatinny Arsenal Device

(Iinear Cutting Charge)
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APPENDIX C

Firing Record AR-20352
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ABBRDEEN PROVIHG GRUUOND, MARYLAND
FIRLNG RECURD

OBJECT OF TEST: To Yest The iffectivensss of & Special FIRING RECORD KUs Ar-aoa??" [}
Picatinny Arsenal. Jsvice. (iime Charge)- SHERT 1-0f 3

R PO

in Vefeating F0mm AP and 1C6am HEAT s OF TBST: 18 Augult 5l ﬂu-u
Ammunition, et 25. August '5h o
— e e i REFERBHCE: Memerandum dated 2 Augunt
‘DEVELOPMENT &= , bf;‘u%' 1954 from Director, BRL, .
PROJECT NO. TB3-12248 ; Ghpko g kel to Director, DaP8
it W. 0. : _ 962-002-00 5

o 4
4 A

; . -"'j"i’; 3

'umx AL

Rollod Homogenecus Armer Flate No’élml/h/ &K‘ 0" 5&983!

Rolled Homogenecus armor Flate No. 11254, 4" x 65 x 90" 32L4BHN

ok
- ~J~‘_rl-'.“ 2

o

U
ok

{.
1
M‘&gn-/ﬂé 7 Yo t A
1, - Shell, 10émm, HEAT, T119E11 (M3LL), @w %‘?H_a\-g-mi% v-,_v;;-r.‘
2., Shot, 0mm, AP T3387, Amsmmition Lot Nog N
3. Plcatinny arsenal cutting charge (Lire Chur&e)""&ifﬁoﬁrgu provided by TBL, . 3

BRL. Description: BRL Kodel 8, loaded with 1.6 pounds cf Comp, B; dimensions t=10" long, ;
2" wide, 1 5/8" high with 140° "vee" snaped slot cut longitudinally into one of the 10" X 23' :
surfaces. Either e steel (0.062" thick) or copper (0.065" thick) liner was uu-hl-d inta s 5
the slot. See Inclomesw No. 3 for a sketch of the Line Charge,.

FACILITIES

Gun, 90mm, M3, Noc. 6171, with Tube Nc. 2597.
Keocilless Lif'le, 1C&mn, T170Bl, Nc. 166, with Tube No. 6115.

UESCRIPTION OF TEST SETUP | e

ol

The tarzet armer, a L" x 65" x 90" RH Armor plate, was hmd ageinst the front of thg
plate butts, tipped back frm the werticel, The Line Charge and triggering screens were

ot -z '.“-;m;.' iy
SR :&ﬁn:uﬂ“.-“‘ : b ?

then pesitioned on the ground e few fset in front of tre target plate whioh was some 1850 o jrag
feet from the pun. An K-36 detonavor placed in the Lime Charge was ocnuected tc one cof th& :
screens, and the screens energized by putting & 1200 velt D. C. power supply across them. “‘“

i

A projectile passing thrcugh the screens completed the triggering circuit, setting off the
M-36 detcnstor and the Line Charge. Copper mesh screens were used for the F0mm Shot, whils ..
tiin aluminum foil strips were usec in the screens when iring, the sensitive 106am dEA‘!’ '
shell tc avcid fuze initiation,




FIRING RECORD NCO. Ar-20352
SEEET 2 OF 3 -

o

Lo J0mm AF T33E7 Shot v

&. Five rounds ol 50mm AP T33E7 Shot were fired against the four inch plate at . °*'
15° obliquity. - The striking velocity of apprcximetely 2050 fps was some 300 fps above . i
the sstime*ted bailistic limi* of the plate. steel liners were used in all charges teated
against the 40mm uhot, S \ . ; gk

~ v POATLIE

S ;;‘.‘h%!“ : don
{1) The Line Chargs cutting fragm8nts missed the first 90mn rcund (test
round rno. 3); the regult was a complete penétration of the plate, v g

. B
{(2) &Bach of the next three rcunds {test roundes nos. L, 5, and 6) was struek. .
by the cutting fragments of the Line Charge and was ummble to penetrate the target; a 6"
diemeter sccop of 1" tc 1 1/4" depth was prcduced by each round, 2%
\3) A smear type photograph (see APG Photc B2167) was mede of one round,

As shown by the phote, Line Charge fragments have succesded in breakirg the projsctile,
The entire o ive has been broken off,

be Four rounds cf 90mm AP Shot (test rounds nos. 7o 3, 9, and 10) ware fired at
& velccity increased to appreximutely 2500 fps, with the ermor at 15° obliquity.  Bweh .
rcund mede & ccmplote penetration of the target. The effect of the Line Charge trq‘gggst
on thess rounds is unknowm since no nigh speed moticn pictures were cbtaired, e 8
. B o o

2. l.6mm chell, iSAT, TLI9E11 (M3LL)

a, Ten rcunds of 1Clmm recoilless HEAT ammuniticn were fired at npproxinltoly
1600 fps with the target plate at 30° otliquity., Copper liners were used in the Line
Char _.es supplied for this phase,

(1) Jix 1Cémm rounds (test rcunds nos. 1,2, 3, 4, 6, and 7) were ovid.ptly- :
struck by the Line Charge fragments; the effect of these on the target ccnaisted, in '
sacn case, of frayment gouges and small jet penetrations (0" to 2%") of the armor,

(2) Twe rounds (test rounds nos, > and 9) apparently were missed by the mmin- -
the Line Charge. 3acn of the “twe rounds ccmpletely penetrated the tarzet and

o
rcauced residual penetrations of appreximately 2" in a vertical back-up armor plate placsd
P % F Y
eleven feet behind the target. :

fragrents c

{(3) Cne round (test round no., &) evidertly was missed by the main fragncuﬁﬁkf'
of ths Line Charge and alsc failed to functicn by fuze action. This rcund detonated during .
crush=up s @inst the plate without formetion of a Jet. The sole erfect on the target plate

-1

was & 7" dianeter dent, approxinately 1/4" doep.

{(4) Cne calitraticn round (test round, nc. 10) was fired withcut use of the L 2
Charge. It railea to functicr by fure mction and detonsted during crush-up without formstion
of a jet. HKesulte were identical te those of Rofind 8, P
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FIRING RECORD NO, Ar«20352
SHESET 3 OF 3

.

VETAILED RESULTS OF TEST

Inclosure € provides round-by-reound firing data and resulte,
‘ OBSERVERS

Other than BRL and D&PS personnel conducting the tsst, no observers were presant.

APPROVED: |
{{, /’7“"‘"*‘*'**‘ | <l /%4@ (; C. /&
ENGAMIN 5. GoopaiN 7T #. C. PLESS 7. c. GiLerr
C?évf Arms: & Ammunition Chief, Armor branch Lt., Ord Corpas-
>/ | _ Prcof 0fficer
INCLOS URES :|

lo Distributicn

2, Firing: Uata

5. Uescription of Triggsring system& line Charge Sketch
L. APG Photos B2OSL, B2055, B2l67
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FIRING RECORD NU, At-20352
INCLOSURE 1

DISTRIBUTION

Chief of Ordnance _

#aahington 25, U, C,

Attn: ORDTA copy
OROTB copy
ORDTT 1 copy

-

Commanding General
Ficetinny Arsenal
Lover, New Jersey . 1 copy

Commanding Off'icer

Datroit Arsenal

Center Line, Michigan -

Attn: ORDUX-ECC ’ : 1 copy- 3
ORDMX~ECk 1 cepy o

Commending Officer

Watertown Arsenal

Natertown 72, Massachusetts

Attn:  Laboratery 1 copy

Or. Zmerson k. lugh : S
Carregie Institute of Technology Y .
Schenley Park B8
Pittsburgn, Fenusylvania

THRU: Pittsburgh Ordnance District 1 cepy

formaticn Apenc
R &

A

Armed d}rv;ges I Yical
i ts Zervice Chnter

uifding |
2, \afo _.-

D3C-GA 5 copies

AF¥ Liaisor Officer

Abardeen Froving Ground, Maryland
THRU: 7. I. B,

Neapons Lystems Laboratery
Ballistic Rescarch latorateries 5
aberdeen rProving Ground, Marylsnd 1 copy &

c Opy

>

Terminal pallistic iatcratory
Ballistic kesearch iabcratories
Aberdeen rroving Ground, varylend . 1 cepy

Technicel Informsticn Breanch .
Aberdeen rrcuving uround, Maryland uriginel apd 1 copy
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DESCRISTION OF TRIGGARING SYSTIM

Schematic of BRL{ISL) Triggerdps Systom for Ipitiatipe
' Modified Picetinny Arsenal Device

1. Schematic Diagram: SE& %

INITIATING SCREENS

BOMbL FRONE il

™
|

- PR o A
T Ee
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/200 voLr
0.C. SuPPLY

170 vOoL T A

SPECIAL /O V. SOCKET

2., Safety "eztures:
A, A special connecting socket for 110 V input kept by demolition
oan until ne is in shelter,

B, DIFDI aswitch in insulated box, closed and shortaed tc around in

persornnel bombproof .switch opened just prior to firing when all

perscnnel are under cover),
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2. ‘afety Festures: c-ntinued S gi a%g ET
C. ©“cresns chacked for infinite 19% t8 6000 volts,

D, lower supply shorted to ground prior to firing; unshorted before
each firing; shorted after each firing,

E. 36 detonator installed by demolition man in usual manner (leads
attachea, then M30 inserted into booster throuzh hole in
supporting plate for charse),
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| B2054 CONFIDENTIAL $§ ABERDEEN PROVING GROUND §
Project No. TB3-1224B. Testing of S
Front view of the 4" target plate
Plocatinny Araenal Device versus the Shell, 106mm, HEAT, T119E11l
(M344). Ten rounds were fired; rounds 3 and 4 ere not marked
since only negligible scarring resulted from these rounds.

13 September 1954

peclal Picatinny Arsenal Device,
used during the test of the
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B2055 CONFIDENTIAL TABERDEEN PROVING GROUND f

Project No. TB3-1224B. Testing of Special Picatinny Arsenal Device.
Front view of the 4" target plate used during the test of the
Picatinny Arsenal Device versus the 90mm APT 33E7 Shot. Eleven

rounds were fired. Rounds 1 and 2 were fired without use of the
Picatinny Device. Round 11, badly bro

ken before striking the plate,
is indicated by the clrcled areas, i

13 Septemver 1954
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B2167 CONFIDENTIAL $ ABERDEEN PRCVING GROUND 8 20 August 1954

| Project No. TB3-1224B. Test of Special Picatinny Arsenal Device.
Shot, 90mm, AP, T33E7 (Round No. 11), broken in flight by fragments
of mcdified cutting charge.
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APFENDIX D

FIRING DATA - PAD VS 90LM HEP-T
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i SECRET

FIRING DATA - PAD VS 90MM HEP

TRIGGER
: SCREEN DIST, PAD DIST. PAD
RD. NO, DIST. TO RESULT BELOW OFF=SET FROM DIST. PAD PAD LINER
523 PLATE ON PLATE PROJ {Z) L OF FLIGHT TO PLATE ANGLE
1l None Spall No PAD - - e
Not Meas., Used S EG R ET
2 None Spall No PAD \ " -
Used
3 Al.liesh  No 18" Ly 32m 14,0°
30" Spall
L Al.Mesh  No 30" L 32" 140°
2332 30" Spall
5 Al Foil Spell 6oM 10" 32 140°
2331 30"
6 Al Foil Spall 60" 10" 32n 140°
2336 30m
7 Cu.Mesh  Spall Lgn 6" 32n 1,0°
233k 30"
¢
8 Cu.Mesh  Spell L én 30" 115°
2358 30"
9 Cu.Mesh Spall Ls* 6" 3o" —AHH
2361 30"
10 Cu.Mesh  Spall 30" 6" L7 165°
2349 L3"
11 Cu.Mesh  No 18" 6" 32 115°
30" Spall
123 Cu.Mesh  No 30M 6" 32n 140°
. 30m Spall
13# Cu,.iesh Spall Ls" én 32" 140°
30"
1ls¢ Cu.Mesh No 30" 6" 32" 115°
30" Spall
152 Cu.lMesh No 30" 6" 30.6 't 140° #
30.5 Tt Spall
163 Cu,liash Spall Lsv 6" 30.6 £t 1L40°
30,5 ft
0y Cu.Mesh  Spall Ls® 6" 32" 1d”

2020
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FIRING DATA - PAD VS 90i2 HEP (CONT'D)

TRIGGERS
SCREEN DIST.P:D DIST. PAD
RD. NO. DIST. TO RESULT BRLOW OFF-SET FROM DIST.PAD PAD LINER
T8 PLATE ON PLATE PROJ (Z) L OF FLIGHT TO PLATE  ANGLE
18 Cu.Mesh Spall L 6" 3Lm 140°
2320 Le"
19 Cu.hﬂesh Spall I é" 3l £ 100 ##
3L ft.

# Velocities not measured, Estinated: 2320-2340 fps.
¢ Calibration of Ammunition

3¢ PAD not initiated

# Fastax films taken

## Missed screen

SECRET
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APPENDIX E
“M

FASTAX FiLil ALD WITNESS PLATE TRIALS
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I, PHASE I
A, PURPOSE

To obtain fragment velocity and penetration data, using mild steel target
witness plates,

qpp— SECRET

Two pads with 140° copper liners. No. 1 was statically detonated with base
parallel to ¢ round,nild steel laminate 66 inches overhead, Leminate consisted of
two 12 pauge sheets followed by 1/L inch sheets, No. 2 was detonated with base

perpendicular, in longitudinal direction (B), target 66 inches away, Both charges
wore photograrhed by Fastax camera to obtain fragment velocity dzta,

C. FADS 3 and L

115 degree liners, detonated like No, 2 except that laminate of witness sheets
consisted of one 12 rauge mild steel sheet followed by 1/L inch mild steel sheets. These
charges were detonated for fragment distribution data., (See Flots 1,2, and 3), Pad No. L
was modified to simulate combat conditions as follows: The liner trough or wedge angle was |
filled with moist soil scraped in the test area. This dirt filler was held in place by l
masking tape. The charge was detonated against the same setup as was No, 3. A sumary of |
fragment penetration and distribution data is given in Plots 1,2, and 3, '

II. PHASE II TRAGMEI'TATION CALIBRATION

A, PURMOSE

To obtain an indication of PAD fragmentation efficiency and penetration capa-
bilities by coaparison with available devices using lesser weichts of explosive.

3, PROCEDURE
Two 2 inch I,D. black pipe nipples and four 2 1/2 inch I.D, galvanized pipe

nipples wecre capred at one end. BEach was then filled lengthwise with an inert mixture
(Plaster of Paris) for one half of the nipple diameter, looking in section like this:

'Fé?r:yl \{E::?w~,~
Qooster v

The plaster filling was then drilled thru, at the center of the nipple length, for a
tetryl boostur pellet. The remaining semi-circular section was then filled with explosive |
C3. A taulation of the pipe charge choracteristics follows:

SECRET ,}\51
v
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o mmonzzue SECRET

Pipe ID 2 inches 2 1/2 inches
Pipe OD 2 3/16 inches 2 13/16 inches
Pipe Length 6 inches 10 inches

Pipe Type Black Galvanized

Wt Charge .53 #.03 1b C3 1.3 1bs C3

Wt Pipe, two Steel Caps

(at ends) & Inert Load L.75 1bs 10,2 1bs

Wt of Single Cap 1.1%8 lbs. 2.15 lbs'

Wt as fired w/one cap 5e3 #410 lbs 9.3 £.10 lbs

D. RESULTS

l. When the 2 inch pipe niprle was detonated from a position with its
axis parallel to the ground, the fragment patt-m obtainod was apparently too
linited to be comparable to a PAD, The next chrrge used was the larger diametex
longer, 2 1/2 inch I.D. nipple. This charge, effectively a miniature bangalore
torpedoy was detonated with the axis perpendicular to the ground. The large angle
of fragment distribution is apparent from APG photosrarhs B5971-73. This pattern
might be considered inherent in the shape of the charge casing. Also noteworthy
are$ reduction in numbers of fragments for % .e thick steel pipe casings and
greater proportion of penetrating frarments in later witness sheet (No.3).

2. A tabulation of fragmentation data for the first of each type of pipe
nipple and the four PADS detonated in the last phase of this program is given below,
Two additional pipe nipples of each type (2 inch I,D, and 2 1/2 inch I.D.) were
detorated.with axis vertical. Fracmentation data, density,and numbers of indentations
in each mild steel witness sheet are summarized in Plots 1, 2, and 3 which follow,

SECRET sz-\’ |
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HILD STEEL WITNESS PLATE FIRINGS

SPREAD(") OF TOTAL NO, OF DENSITY OF
WITNESS INDENTATIONS PENETRATIONS DIEN- PSNE- INDEN~ PENE =
CHARGE PLATES VEAr. [OR. V'r. HOR., TAT'ONS TRATIONS TATIONS TRATIONS
Large areas of
PAD #1 10 ga 10 51  10-l4 51 tiny & large Too hizh to couat
140° Liner 12 ga 10 51 6 32 117 23 23/ft JA12/ft
1/4" 8 L2 6 23 65 6 «20 0L
/" 8 35 - 23 34 L A2 -
PAD #2 Very
140° Liner 12 ga 21 Lo 21 Lo Large 25,3 - 30
12 ga 21 Lo 21 Lo . 60 - .07
1/ 21 Lo 16 29 164 5 20 01
W/ 30 36 = - 13 1 202 -
STEEL I'IPE NIPPLES
Pipe #1 12 ga 36 £ 1 36 # 1L - 25 - Tel2
2" ID 12 pa 36 £ 14 36 4 1L 51 10 .10 .02
Axis at 1/ 36 4 1y - - 16 - .03 -
0° elev.
Pipe #2 Over Over
2 1/2" ID 12 ga 2l 8 ft 24 8 ft Large 118 Large 7.08
Axis at /4 2L L 83" 5 9.3L
90° elev. 1/4m 24 " - - 1l 3.06
Very
PAD #3 12 ga L8 15 55 Larpe - -
115° Liner 1/4" 27 k8 12 55 " 16 21.3 L
1/L" 15 i - - Tl - 946 -
/4" 12 umn - - 19 - 545 -
Approx.
PADO#h 12 ga 30 35 30 35 Large 75 Larze 10.26
115% Liner* 1/4" 30 35 0 20 2.05 2 28.5 -
1/ 24 32 - = 13 - 2.k =
1/4 Center of Plat 2 i - -

>

% Sandy loam loosely held in wedge by masking tape.

S
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3 SECRET 3

SEGRET

AFPENDIX F

APG PHOTOGRAFHS NOS, B5968 THRU B5973
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SECRET

B5968 SECRRT 8 ABERDEEN PROVING GROUND 8 24 January 1956
Project No. TB3=»1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mila Steel.

Pad lio. 2. Fregment damage 66" from charge in first sheet (12 ga.)
of ¥itnsss plate laminate,

]




SECRET

PR GRSl P
- s

B5969 SECRET 8 ABERDEEN PROVING GROUNDT 24 January 1965

Projeoct Ro. TB3-1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tratlion into Mild Steel.
Pad Ho. 2. Pragment damage 66" from charge in second sheet (12 ga.)
of witness plate laminste.
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B5970  SECRET -~ - $ ABERDEEN PROVING GROUND $ 24 January 1955

Project No. TB3-1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild Steel.

Pad No. 2. Fragment damage 66" from charge in third sheet (1/4")
of witness plate laminate,




SECRET

=mswe SRR m  § A SRR

B5971 SECRET 5 ABERDEEN PROVING GROUND 2 24 January 1985

Project No. TB3=1224B, Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild Steel.
Special Device No. 2. Fregment damage 66" from ocharge in first
sheet (12 ga.) of witness plate laminate,
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B5972 SECRET 5 ABERDEEN PROVING GROUNDQ 24 January 1958

Project No., TB3-1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild 3teel. :
Special Device No. 2, PFregment damage 86" from charge in second
sheet (1/4") of witness plate laminate.




SECRET

B5973 SECRET 8 ABERDEEN PROVING GROUND 8 24 January 1955

Project No. TB3-1224B. Test of Picatinny Arsenal Device (Pad). Pene-
tration into Mild Steel.
Special Device No. 2. Fragment damage 66" from charge in third
sheet (1/4") of witness plate laminate,
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